Among 861 infants and children with coarctation of the aorta examined between 1950 and 1973, inclusive, 18 (2.1%) also had congenital mitral regurgitation (MR).
Children's Hospital Medical Center in Boston. Of these, 18 had associated congenital MR (2.1%). The coarctation was postductal in 13 , juxtaductal in five, and preductal in none.
Additional cardiovascular anomalies were present in seven of these 18 cases (39%): 1) patent ductus arteriosus, with exclusively left-to-right shunt, in four; 2) aortic stenosis in two, valvar in one and subvalvar in the other; and 3) ventricular septal defect that was small and closed spontaneously in one.
Initial Visit to a Cardiologist
The salient clinical findings at the initial cardiac evaluation are summarized in table 1. The age when first seen ranged from three weeks to 10 years, the median being five months. The weight ranged from below the 3rd to the 75th percentile, the median being below the third percentile.
The characteristic murmur of MR was heard on the first visit in all but two patients (cases 4 and 13, table 1). In one (case 4), the typical murmur was heard two months after the first visit, at six months of age, while in the other (case 13) the typical murmur was not detected until three years after the initial visit, when the child had reached 31/2 years of age.
An apical mid-diastolic rumble, without presystolic accentuation, was heard in 11 of these 18 patients (61%). Significant mitral stenosis was excluded, subsequently, in all by disappearance of the murmur, by catheterization or by necropsy. This apical middiastolic rumble without presystolic accentuation was considered to indicate increased blood flow across the mitral valve secondary to the M R, patent ductus arteriosus, or ventricular septal defect.
Congestive heart failure with tachypnea, tachycardia, hepatomegaly and cardiomegaly was present in 13 of these 18 patients (72%). All 10 infants who presented initially under one year of age were in cardiac failure, whereas only three of the eight patients first seen beyond this age were in failure (37.5%).
Electrocardiograms were available in all 18 patients and showed pure right ventricular hypertrophy in four (22%), pure left ventricular hypertrophy in five (28%), combined ventricular hypertrophy in six (33%), and appeared normal for age in three (17%) . Under one year of age none had a normal electrocardiogram, and over one year of age none had pure right ventricular hypertrophy. The 13 operative survivors and the two who have not had surgery have been followed for four to 18 years, the median follow-up duration being nine years. These 15 patients now range from five to 23 years of age, with a median of 11 years.
The clinical findings at the last visit are summarized in table 3. At that time none of the 15 patients were below the third percentile for weight, whereas eight of the 15 were belov the third percentile initially (53%). Congenital MR was related to short, thick chordae tendineae ( fig. 2) . The anterior mitral leaflet inserted directly into the postero-medial papillary muscle group without intervening chordae tendineae ( fig. 2a  and b) . The chordae tendineae that were present, for example at the postero-medial commissure ( fig. 2a) vere fexv, short and thick when compared with normal chordae tendineae ( fig. 3) . The antero-lateral papillarv muscle group was markedly hypoplastic, whereas the postero-medial papillary muscle group was considerably hypertrophied (fig. 2b) . Endocardial fibroelastosis of the left ventricle was diffuse in extent, but mild to moderate in degree ( fig. 2b) .
From the left atrial aspect -the surgeon s viewthe asymmetrv of the anterior mitral leaflet was striking ( fig. 2a) , being approximately triangular. Normally, the anterior mitral leaflet is approximately semicircular (fig. 3 ). The anterior mitral leaflet appeared asvmmetrical because the leaflet adjacent to the antero-lateral commissure was much shallower thani that adjacent to the postero-medial commissure ( fig. 2a) . This, in turn, appeared to be due to the abnormal height and smallness of the hypoplastic antero-lateral papillary muscle group ( fig. 2b ). This high, small arntero-lateral papillary muscle group was not visible from the left atrial aspect ( fig. 2a) . Normally, both papillary muscle groups are seen equally well from the left atrium ( fig. 3) . The free margin of this asymmetrical anterior mitral leaflet was thickened and rolled, the left atrium was hypertrophied and enlarged, and jet lesions of the left atrial endocardium were found -all corroborating that MR had been present. Case 4 (A58-23) had surgical excision of a postductal coarctation of the aorta at eight months of age. A bictuspid aortic valve was present due to rudimentary development of the right coronary-noncoronary commissure.
Mitral regurgitation was due to rupture of chordae tendineae. Left atrial hypertrophy and enlargement, and a prominent jet lesion of the left atrial endocardiuim corro)orated MR. From the left atrial aspect, the anterior mitral leaflet was asymmetrical, being shallover toward the antero-lateral rather than the postero-medlial commissure. From the left ventricular aspect ( fig. 4a) , it was seen that two large chordae had ruptured between the anterior mitral leaflet and the anteXro-lateral papillary muscle group where remnants of the ruptuired chordae vere found. The findings suggested that these chordae had curled back and that their ruptured ends had fused smoothly with the ventricular surface of the anterior mitral leaflet ( fig. 4b) . A probe could be inserted between these curled-back chordae and the anterior mitral leaflet. There was no gross or histologic evidence of bacterial endocarditis or other acqluired pathology of the mitral valve.
Since the presuimably ruptured ends of the chordae had fused smoothly with the anterior mitral leaflet ( fig. 41, arrows) , it is clear that chordal rupture did not occur soon lefore death. It is thought that this chordal rupture occurred prenatally, not only because of the smooth fusion of the chordae to the ventricular surface of the anterior mitral leaflet, but also because this seven-month-old boy was first seen by a cardiologist at only four months of age when he was in congestive heart failure and his weight was below the third percentile (table 1) . This case is considered to demonstrate a previously unknown anatomic type of cotgenital MR.
Case 12 (A63-134), at nine years of age, had surgical excision of a postductal coarctation of the aorta in which there was no lumen whatever. Postduictal aortic archi atresia had produced functional interruption of the aortic arch and was associated xvith large circumventing collaterals. 5 ). This gap was due to absence of the chordae tendiineae and the papillary muscle head that usually anichor the commissuire. Normally, each papillary muisele group is composed of several different components or heads. For example, note that the anterolateral papillary mtuscle group in figure 3b has four heads: one large one to the large anterior leaflet; one smaller one to the commissure; and two smaller heads to the smaller posterior leaflet. In case 12 ( fig. 5) , the commisstural chordae tendineae and the papillary mtuscle head from which the chordae arise were absent, resuilting in a commissural gap. There was no gross or histologic evidence of infarction, atrophy or fibrosis of the papillary musculature.
It is noteworthy that a gap is different from a cleft. A cleft is a fissure vithin the leaflet substance of the dlefiniitive valve, as in an ostium primum type of atrial septal dlefect. In case 12, however, the problem was niot a fissure xithin the leaflet substance, but an unanchored, gaping commissure ( fig. 5 ).
Case 18 (873-1567) xvas a boy who underwent resecti()n of a postductal coaretation of the aorta at two months and had mitral valve replacement at 41/2 years using a 25 mm Hancock glyceraldehyde preserved porcine xenograft, model 332. The patient's excised mitral valve ( fig. 6 ) had a large (9 X 5 mm) perforation in the approximate center of the posterior leaflet. The margins of the perforation were smooth and glistening, 2 to 4 mm thick, without gross or histologic evidernce of bacterial endocarditis, and not associated vith aberrant chordae tendineae (fig. 6b) . The anterior mitral leaflet, chordae tendineae, and papillary muscle heads were normally formed. The papillary musculature was grossly and histologically uinremarkable. The orifice of the mitral valve appeared competent ( fig. 6b) , and the regurgitation seemed due entirely to the perforation.
This patient was not regarded as having a double mitral orifice;'5' 16 1) because the anterior and posterior mitral leaflets were not fused together abnormally, and 2) because there were no aberrant chordae tendineae related to the ventricular surface of this abnormal opening ( fig. 6b ). This perforation was thought to be congenital, not only because the patient presented so voung (in congestive heart failure at two months of age, 
